This is the second in a series of papers devoted to explore a set of six dusty models of active galactic nuclei (AGN) with available spectral energy distributions (SEDs). These models are the smooth torus by Fritz et al. (2006) , the clumpy torus by Nenkova et al. (2008B), the clumpy torus by , the two phase torus by Siebenmorgen et al. (2015) , the two phase torus by Stalevski et al. (2016) , and the wind model by Hönig & Kishimoto (2017) . The first paper explores discrimination among models and the parameter restriction using synthetic spectra (González-Martín et al. 2019A). Here we perform spectral fitting of a sample of 110 AGN drawn from the Swift/BAT survey with Spitzer /IRS spectroscopic data. The aim is to explore which is the model that describes better the data and the resulting parameters. The clumpy wind-disk model by Hönig & Kishimoto (2017) provides good fits for ∼50% of the sample, and the clumpy torus model by Nenkova et al. (2008B) is good at describing ∼30% of the objects. The wind-disk model by Hönig & Kishimoto (2017) is better for reproducing the mid-infrared spectra of Type-1 Seyferts (with 60% of the Type-1 Seyferts well reproduced by this model compared to the 10% well represented by the clumpy torus model by Nenkova et al. 2008B) while Type-2 Seyferts are equally fitted by both models (roughly 40% of the Type-2 Seyferts). Large residuals are found irrespective of the model used, indicating that the AGN dust continuum emission is more complex than predicted by the models or that the parameter space is not well sampled. We found that all the resulting parameters for our AGN sample are roughly constrained to 10-20% of the parameter space. Contrary to what is generally assumed, the derived outer radius of the torus is smaller (reaching up to a factor of ∼ 5 times smaller for 10 pc tori) for the smooth torus by Fritz et al. (2006) and the two phase torus by Stalevski et al. (2016) than the one derived from the clumpy torus by (Nenkova et al. 2008B). Covering factors and line-of-sight viewing angles strongly depend on the model used. The total dust mass is the most robust derived quantity, giving equivalent results for four of these models.
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The nuclear obscurer of active galactic nuclei (AGN), dubbed the torus (Antonucci, & Miller 1985) , produces a broad infrared spectral energy distribution (SED), whose power and shape depend on the fraction of the source absorbed, and the geometry of the absorber, rearXiv:1908.11389v1 [astro-ph.GA] 29 Aug 2019 spectively (see Netzer 2015; Ramos Almeida & Ricci 2017 , for a review on the topic). This emitting region is expected to be concentrated within the inner ∼5 pc of the AGN (e.g. Ramos Almeida et al. 2009; Burtscher et al. 2013; López-Gonzaga et al. 2016 ) which makes almost impossible to image it with current single mirror telescopes due to a combination of insufficient spatial resolution and foreground contamination (Pasetto et al. 2019) . Therefore, trying to reproduce the infrared SED of nearby AGN with torus models is one of the methods to constrain the properties of the nuclear obscurer.
We can divide torus models into three generic types according to the distribution of dust: continuous or smooth (e.g. Pier, & Krolik 1992; van Bemmel, & Dullemond 2003; Fritz et al. 2006) , clumpy, (e.g. Dullemond, & van Bemmel 2005; Nenkova et al. 2008A,B; , and composite (a combination of clumpy and continuous) (Stalevski et al. 2012 (Stalevski et al. , 2016 Siebenmorgen et al. 2015) . However, this is not the only way to classify them. For instance, this can be done by looking at the morphological distribution of dust: torus-like (e.g. Fritz et al. 2006; Nenkova et al. 2008A,B; Stalevski et al. 2012; Siebenmorgen et al. 2015; Stalevski et al. 2016) or wind-like (e.g. Siebenmorgen et al. 2015; Hönig & Kishimoto 2017) morphologies. Another way to classify torus models is according to the chemical composition and size of dust in: graphite grains (e.g. Fritz et al. 2006) , standard ISM composition (e.g. Nenkova et al. 2008A,B; Stalevski et al. 2012 Stalevski et al. , 2016 Hönig & Kishimoto 2017) , large-grains ISM composition (e.g. van Bemmel, & Dullemond 2003; , or silicates and amorphous carbon (e.g. Siebenmorgen et al. 2015) .
We study in a series of two papers six of these radiative transfer codes with available SEDs. Each code uses a different set of dust chemical composition, global morphology, and/or internal distribution:
1. Smooth toroidal model by Fritz et al. (2006) (see also Feltre et al. 2012) . Radiative transfer code used to produce the SED of a simple torus geometry consisting in a flared disc that can be represented as two concentric spheres having the polar cones removed.
2. Clumpy toroidal model by Nenkova et al. (2008B) (see also Nenkova et al. 2008A) . They developed a formalism that properly accounts for the concentration of dust in clumps or clouds, referred to as clumpy, to describe the nature of the AGN torus.
3. Clumpy toroidal model by (see also Hönig et al. 2006 . Radiative transfer model of 3D clumpy dust tori using optically thick dust clouds and a low torus volume filling factor.
4. Two phase (clumpy + smooth) toroidal model by Siebenmorgen et al. (2015) . They assumed that the dust near the AGN is distributed in a torus-like geometry with the inclusion of polar dust. The dust is distributed as a clumpy medium or an homogeneous disk, or a combination of the two.
5. Two phase (clumpy + smooth) toroidal model by Stalevski et al. (2016) (see also Stalevski et al. 2012) . They model the dust with a torus geometry and a two-phase medium, consisting in a large number of high-density clumps embedded in a smooth dusty component of low density.
6. Clumpy disk and outflowing model by Hönig & Kishimoto (2017) . This model consists in clumpy disk-like models (following that described by It is also worth to remark that the viewing angle is measured in all the cases from the pole to the equator of the system except for [Fritz06] , which is measured in the opposite direction. See González-Martín et al. 2019A (hereinafter Paper I) for a complete description of these SED libraries.
The model that has been more extensively compared with the data is the clumpy model described by Nenkova et al. (2008B) (e.g. Ramos Almeida et al. 2009 Mor, & Netzer 2012; González-Martín et al. 2015; Martínez-Paredes et al. 2015; Fuller et al. 2016; González-Martín et al. 2017; Martínez-Paredes et al. 2017; García-Bernete et al. 2019) . A systematic confrontation of these models against infrared SEDs is still lacking, but in those cases where it has been done, the resulting torus or cloud properties differ significantly (Hönig et al. 2006; Schartmann et al. 2008 ). Table 1 . Observational details of the AGN sample. Col. 1 gives the object name, Col. 2 the distance in Mpc, Col. 3 the spatial scale obtained with the short-low Spitzer /IRS spectral module (note that the long-low IRS/Spitzer module gives roughly 3 times lower resolution), Col. 4 the optical class reported by Oh et al. (2018) , and Col. 5 the 2-10 keV intrinsic X-ray luminosity reported by Oh et al. (2018) . "B. AGN" refers to beamed AGN (jet closely oriented toward the line of sight to the observer), according to the nomenclature reported by Oh et al. (2018) .
In paper I we produced a set of synthetic spectra from current instruments GTC/CanariCam and Spitzer /IRS and future JWST /MIRI and JWST / NIRSpec instruments using this set of six SED libraries. We found that, for a reasonable source brightness (F 12µm > 100mJy), we can actually distinguish among models except for parent models. We also found that the torus parameters can be constrained within 15% error, irrespective of the instrument used, for all but [Hoenig17] . The questions we try to answer in this second paper are: (1) are the models good enough to describe the mid-infrared SED of AGN? (2) which is the preferred model by the data? and (3) what can we say about the parameters involved and derived quantities, as the outer radius of the torus, covering factor, and total dust mass, depending on the model used?
With these aims we confronted this set of SED libraries against a set of mid-infrared Spitzer /IRS spectra of 110 AGN selected from the Swift/BAT survey. The paper is organized as follows. Section 2 gives a brief summary of the AGN sample used along this paper. Section 3 describes the spectral fitting procedure. The main results on the spectral fitting are included in Section 4 and discussed in Section 5. The paper is summarized in Section 6.
THE SAMPLE AND THE DATA
We built an AGN sample with available low spectral resolution mid-infrared IRS/Spitzer spectra to confront with models. As shown in Paper I, low spectral resolution IRS/Spitzer spectra provide enough coverage and sensitivity to constrain most of the parameters of the models at least for sources with intermediate brightness (i.e. F 12µm ∼100 mJy), although host galaxy dilution should be taken into account.
To avoid biases against obscured objects (i.e. highly obscured AGN undetected by, e.g., optical wavelengths) we based our sample in the 105-months Swift/BAT survey (Oh et al. 2018) . Out of the 1632 sources detected by the survey, 447 are identified as AGN with a redshift lower than 0.04 (i.e. distance below 170 Mpc, using H 0 = 70km/s/Mpc). We restricted the sample to the nearby Universe to ensure relatively high spatial resolution using IRS/Spitzer spectra (see spatial scales computed for the short-low IRS/Spitzer module 1 in Table 1, Col. 3). We then used CASSIS (Lebouteiller et al. 2011) to look for the data and downloaded the optical extraction provided. We avoided HR (high resolution) Spitzer data because they show poorer cosmetic continuum emission in the form of jumps when putting together each small wavelength module that conforms these spectra. LR (low resolution) Spitzer spectra are better joined because they are made up only by four of these wavelength modules. Among the 447 AGN, we found observations for 110 AGN. Table 1 includes the observational details of our sample.
According to their AGN classification, the sample contains 60 type-1 Seyferts (five Sy1, 13 Sy1.2, 17 Sy1.5, one Sy1.8, and 24 Sy1.9), 41 type-2 Seyferts, and eight beamed AGN. Beamed AGN are those with a jet pointing close to the line of sight to the observer. They cover a wide range of distances (4-168 Mpc) and therefore, a spatial scale for the unresolved IRS/Spitzer spectra of ∼70 pc up to ∼3 kpc. This spatial resolution reinforces the need for the spectral decomposition performed in this paper to decontaminate AGN dust from circumnuclear contributors. We also excluded all the observations extracted as extended within CASSIS because they are clearly dominated by off-nuclear processes (that have a major impact on the determination of the torus parameters, see Paper I). Our sample expands almost four orders of magnitude in X-ray luminosities (log(L X ) = 40.9 − 44.5), with 12 µm fluxes from ∼10 mJy up to ∼30 Jy. Note that this selection includes intermediate luminosity (ILAGN, log(L bol = 42 − 45) and low-luminosity AGN (LLAGN, log(L bol < 42). However, it excludes high luminosity AGN (HLAGN or 1 The short-low IRS/Spitzer module gives 3.6 arcsec spatial resolution. The long-low IRS/Spitzer module gives roughly 3 times lower resolution.
QSOs, log(L bol > 45) due to the cut in distance. The AGN with strong silicate emission features, including a set of QSOs, will be the subject of a subsequent investigation (Martinez-Paredes in prep.).
We converted the spectra into XSPEC (Arnaud 1996) format using flx2xsp task within HEASOFT. These files are easily read by XSPEC to perform statistical tests when fitting to models 2 .
3. SPECTRAL FITTING PROCEDURE 3.1.
Model independent fit
In Paper I we compare the spectral shape of the different models by quantifying some features in our Spitzer /IRS synthetic spectra. These features are:
• Spectral slopes: We computed three spectral slopes of the form α = −log(F ν (λ 2 )/F ν (λ 1 ))/ log(λ 2 /λ 1 ), with λ 2 > λ 1 . Note that, under this nomenclature, negative (positive) values mean that the flux increases (decreases) with wavelength. We called α NIR , α MIR , and α FIR to the slopes evaluated at [λ 1 , λ 2 ] equal to [5.5,7 .5], [7.5,14] , and [25, 30] µm, respectively 3 . These wavelengths were motivated from the residual analyses of the synthetic spectra and to compare with previous analysis (Hernán-Caballero et al. 2015; García-González et al. 2017; Hönig & Kishimoto 2017 ).
• Silicate features strength: We also computed the silicate feature strength using the formula Si λ = −ln(F ν (λ)/F ν (continuum)), for the two silicate features located at ∼ 9.7µm and ∼ 18µm. Silicate features in emission (absorption) show negative (positive) Si λ .
We computed the same quantities for the 110 objects analyzed in this paper. Errors are computed as one standard deviation from 100 realizations with random variations of the spectral bins fluxes within the flux error. The resulting values for the 9.7µm silicate feature and α MIR are fully consistent with those derived by García-González et al. (2017) .
Dusty models
We fitted the Spitzer /IRS spectra of our sample of 110 AGN using the six models discussed throughout this paper. We excluded the narrow wavelength ranges where Table 4 ).
the brightest emission lines are expected in order to isolate the continuum emission. We also added foreground extinction by dust grains to the dusty models using the zdust component (Pei 1992) , already included as a multiplicative component within XSPEC. This component is suitable to describe foreground extinction in the infrared, optical, and UV wavebands. We used the Milky Way extinction curve and let free to vary the color excess E (B−V) . We remark that extinction does not have a strong impact on the results; i.e. without foreground extinction we found identical results.
We added the stellar and/or ISM components to the best fitting AGN dust model for each source to account for circumnuclear components. The ISM component is taken from Smith et al. (2007) , which are averaged Starburst templates in the ∼5-160 µm wavelength range for different 6.2, 7.7, 11.3, and 17 µm PAH feature strengths (see their Fig. 13 ). The stellar component corresponds to a stellar population of 10 10 years and solar metallicity from the stellar libraries provided by Bruzual & Charlot (2003) (see Paper I for more details). Overall, the baseline models used to fit the data are:
N08 H10 S15 S16 H17 For all of them the initial parameters are set to the mean value. We compute the χ 2 statistics throughout to guarantee that we found and absolute minimum. We then used f-statistics to test whether the inclusion of the stellar, ISM, or the stellar+ISM components significantly improves the simpler model when f-test probability is below 10 −4 . We also obtained the χ 2 statistics for the parameter space in 50 equally spaced bins with the SPEC command steppar, which yields to the probability distribution function (PDF). Figure 2 . Spectral slope computed as the flux ratio between 14 and 7.5µm (αMIR) versus the spectral slope computed as the flux ratio between the 7.5 and 5.5µm (αNIR). Synthetic spectral results (Paper I) are shown with cyan circles and objects with stars. Objects where we were able to fit the spectrum (i.e. χ 2 /dof < 2) to pure AGN dust model, AGN+stellar, AGN+ISM, and AGN+stellar+ISM are shown with purple, blue, orange, and green stars. Objects not well fitted to any of the combinations are shown with white stars. Objects with low contribution of AGN dust are marked with a black dot.
RESULTS
the 5-30 µm waveband per component (A: AGN; S: Stellar; and I: ISM), the reduced χ 2 (χ 2 /dof, where dof is the degree of freedom), color excess for the foreground extinction, and the final parameters per model. Fig. 1 shows the results on the spectral fitting to the six dusty models for IC 5063 as an example.
Following our analysis on the synthetic spectra (Paper I), we selected objects showing high percentage of AGN (AGN-dominated hereinafter) as those with less than 50% of stellar component compared to the torus component at 5 µm and less than 50% of ISM component compared to the torus component at 30 µm. They are marked with empty circles next to the model name in Table 4 . We then considered as the best fit that showing the minimum χ 2 /dof, and comparably good fits those with χ 2 /dof < min(χ 2 /dof) + 0.5. They are marked with filled circles next to the model name in Table 4 .
Adequacy of the models
We investigate the goodness of the fits to the data by comparing spectral slopes and silicate feature strengths for data and models. Figs. 2, 3, and 4 show the results for α NIR versus α MIR , α MIR versus α FIR , and Si 18µm versus Si 9.7µm . These plots allow us to compare the spectral shape from models (circles) with our sample results (stars). The percentage of objects that are reproduced by the models are recovered in Table 2 .
Objects requiring only the AGN dust model to fit its spectrum nicely fall in the same area compared to the synthetic spectra. However, many objects are in this area but they still require additional contributors or they cannot be fitted to the model at all. The reason is that they cannot predict at the same time all these features.
[Hoenig17] is the best at describing the near-infrared and mid-infrared spectral slopes, with ∼ 52% of the objects within the grid of models (see Fig. 2 ).
[Fritz06] is also good at describing these slopes with ∼ 43% of the sample within the grid of models. The other models are only able to describe ∼ 6 − 27% of the objects, failing at describing at the same time flat near-and mid-infrared slopes. The best models at describing at the same time mid-and far-infrared slopes are [Fritz06] and [Stalev16] (see Fig. 3 ), with 30-40% of the AGN spectra with compatible slopes by these models compared to the ∼5-15% of the sample with the rest of models.
These discrepancies between the observations and models are compensated by the inclusion of ISM and/or stellar components. For instance, [Hoenig17] manages to find a good fit including an ISM component to make the far-infrared slopes steeper (clearly seen by the large number of AGN+ISM best fits in Fig. 3) . Furthermore, the lack of steepness of the near-and far-infrared slopes in [Hoenig10] is compensated by adding a stellar and ISM component in many objects (Figs. 2 and 3) .
Interestingly, all the models produce a large fraction of SEDs that are not describing any observed spectrum, suggesting that the parameter space is not realistic. The best models on that aspect are [Fritz06] and [Stalev16], although they also miss a significant proportion of the parameter space that we observe for our targets. We further explore this result by tracking different ranges of the model parameters to evaluate if a single parameter can produce this unrealistic parameter space. We found that the flat spectral index for the distribution of dust (a > −1) explains most of the SEDs producing simultaneously the steep near-and mid-infrared slopes for [Hoenig10] and [Hoenig17] . Small viewing angles with respect to the disk/torus equator also produce SEDs with steep near-and mid-infrared slopes. However, small viewing angles can also produce realistic values for these SED slopes and not all the unrealistic SED slopes are produced by SEDs with small viewing angles. Therefore, it seems that a single parameter cannot explain this effect.
In general, all the models fail at describing the strength of both silicate features at the same time, with 17-35% of the sample well described by the models (see Table 2 ). Large silicate absorption features are not described by any of the models (see Fig. 4 ). These features might be associated with deeply dust-enshrouded objets like ULIRGs. However, some of them were not well fitted including the ISM component. This might indicate that our ISM templates need to be further extended in order to find good fits for these objects. Most objects reproduce the 9.7µm but fail to predict the 18µm silicate emission feature strength when the 9.7µm silicate feature is in absorption (also discussed in Martinez-Paredes et al. in prep.) . Extremely large 18µm silicate emission features (Si 18µm < −0.4) are associated to low AGN dust contribution. In those cases the silicate feature is associated to dust heated by strong star-forming processes rather than the AGN. Again, the range of strengths of the silicate features of the models is larger compared to the data for all of them except [Hoenig10] and [Hoenig17] . In particular, all of them include SEDs with strong silicate emission features (Si 9.7µm < −0.5) which are not observed in the data. This is a well reported issue for smooth models and in fact it is one of the reasons why clumpy models gained certain credibility against smooth models (Dullemond, & van Bemmel 2005; Feltre et al. 2012) . However, the clumpy torus model by [Nenkova08] also predicts extreme silicate emission features which are not observed in our AGN sample. We do not expect any kind of bias against AGN with strong silicate emission features in our sample (that might be the case for absorption features contaminated by circumnuclear contributors). The clumpy torus model by [Hoenig10] , although similar to [Nenkova08] , better reproduces the range of silicate feature strengths. This yield to the conclusion that the differences might arise from parameter spaces or details on the radiative transfer solution. Indeed [Hoenig10] shows narrower parameter ranges than [Nenkova08] for the opacity of the clouds and the number of clouds along the equatorial plane (see Table 1 in Paper I). Moreover, in contrast to [Nenkova08], [Hoenig10] does not consider a limit on the outer radius of the torus (fixed to Y = 150). We also attempted here to find if a single model parameter could explain the unrealistic strengths of the silicate emission features. Although, in general, Figure 5 . Residuals (expressed in terms of ∆χ 2 /dof) on the spectral fit for the AGN sample with Spizer /IRS data versus wavelength. The red short-dashed line shows the median value versus wavelength. The blue continuous, green long-dashed, and cyan dotted lines represent the 5 and 95% percentiles of the distribution for the entire sample, AGNdominated (less than 50% of stellar component compared to the torus component at 5 µm and less than 50% of ISM component compared to the torus component at 30 µm), and spectral fits with χ 2 /dof < 2, respectively.
we could not find a single parameter for each model, it is interesting to notice that a small angular width of the torus (σ < 30 • ) produces many of these SEDs with unrealistic strengths of the silicate emission feature for [Stalev16] .
The goodness of the fit per model can also be evaluated in Fig. 5 , which shows the residuals for all the spectra. The largest discrepancies between data and models are found for [Sieben15] . Even for objects with χ 2 /dof < 2 (cyan dotted line), the residuals are sig- Figure 6 . Percentage of objects with the mid-infrared flux dominated by the AGN component (AGN-dominated, gray filled bars), the percentage of those objects that are well fitted (χ 2 /dof < 2) with the AGN models plus circumnuclear contributors (brown filled bars), and those objects that are well fitted with only AGN models (black filled bars).
nificantly larger than those obtained when fitting the synthetic spectra to the same model used to produce them (see Paper I). This might indicate that the complexity of the spectra is not recovered by any of the models discussed here. AGN-dominated spectra (green long-dashed lines in Fig. 5) show discrepancies near the 9.7 and 18 µm silicate features (with residuals peaking at 11 and 15-17 µm), in the slopes below ∼7 µm, and in the slopes above 25 µm. Among them, apart from [Sieben15], slightly larger residuals are shown when fitting to [Fritz06] and [Stalev16] . Indeed, both models show quite similar residuals, most probably because they come from the same radiative transfer code (SKIRT) with the same dust geometry. Objects showing a large contribution of stellar or ISM components (blue continuous) tend to show deep silicate absorption features compared to AGN-dominated spectra (green long-dashed lines). Fig. 6 shows the percentage of AGN-dominated spectra (grey filled bars). 60% of objects where the nucleus is isolated at a resolution better than 500 pc are AGN-dominated. The AGN-dominated spectra are not directly linked to the spatial scales achieved by Spitzer /IRS because it is also dependent on the AGN bolometric luminosity and the particular environment of the source. The AGN isolation needs to be examined ob- ject by object. Moreover, even this result depends on the model used; the largest number of objects that are AGNdominated is found for [Fritz06] (∼75%) and the lowest if found for [Hoenig10] (∼50%). This is probably due to the fact that two of the main differences between models are the slopes at short and long wavelengths, which is compensated by the inclusion of different fractions of ISM and stellar components when fitting the data. Fig. 6 also shows the percentage of (AGN-dominated) objects that can be well fitted to each model (brown filled bars) and the same results but only using AGN dust model (i.e. without including circumnuclear components, see black filled bars in Fig. 6 ). The largest number of objects well fitted to a model is recovered when using [Hoenig17] (∼45%) and the lowest number is found for [Sieben15] (<5%).
[Nenkova08] also represents well the spectra for almost ∼30% of the spectra. The number of objects well fitted to [Fritz06], [Hoenig10], and [Stalev16] drops to ∼10%. Note that these results change if we fit the spectra using only AGN dust models (black filled bars in Fig. 6 ). In this case, the percentage of objects with good fits decreases to 25% for [Hoenig17], and [Fritz06], [Nenkova08], and [Stalev16] show 10% of good fits.
We also investigate if the goodness of the fit depends on the optical type (Fig. 7 , left panel) and the X-ray luminosity (Fig. 7, right panel) . We split the sample into 31 Sy1s (including Sy1, Sy1.2, and Sy1.5), 25 Sy1.8/Sy1.9, 41 Sy2, and 8 beamed AGN (Oh et al. 2018) . Moreover, we divided the sample into four segments of X-ray luminosities (∆log(L X ) = 0.5) that contain 23, 35, 37, and 15 objects from the lowest (42.5 < log(L X ) < 43) to the highest (44 < log(L X ) < 44.5) luminosity bin. 
Goodness of the parameter determination
We also investigate how well we constrain the parameters of the fit for those spectra that are AGN-dominated with χ 2 /dof < 2. Following the procedure used for the synthetic spectra (see Paper I), we consider that a parameter is restricted when its error bar is less than 15% of the parameter space. Irrespective of the model, roughly 80% of the parameters are restricted when a good fit is found. No particular differences are found for groups of either optical type or X-ray luminosity. Note, however, that many parameters are clustered to the high or low limits. This might indicate that better results could be achieved if some parameters cover a broader parameter space (we further illustrate this below).
The analysis above assumes that the errors show a Poisson distribution so the standard deviation is a good representation of its error. However, this is not the case in general, with asymmetric parameter posterior distributions (see Fig. 8 for an example of the resulting PDF for IC 5063 using [Stalev16] model). From now on we use the PDFs to study the goodness of the parameters. Note that we also operate with the PDFs to compute derived quantities (e.g. dust mass, see below).
We use individual PDFs to build a parameter versus parameter plot by adding the normalized PDFs for all the objects in the sample. Fig. 9 shows the parameter versus parameter plots for [Nenkova08] (all the models included in Appendix B). This plot is computed as the addition of all the PDFs of the individual objects. Any horizontal or vertical cut shows the PDF found for a particular parameter value. The dispersion of the plot accounts for the accuracy on the determination of the parameter because it reflects the broadening of the PDFs for the full sample. A good parameter estimate will bring a good correlation along with the diagonal axis of the plot. Broad PDFs will yield to a non-linear relation in this parameter versus parameter plot. How the broadening of the distribution changes along the parameter space also gives information on the accuracy of the parameter determination. Finally, we can also explore with this plot which range of parameters is preferred by the sample (studying the distribution per parameter overlaid as blue-filled histograms) and if the parameter space is not enough to cover the spectral shapes shown by the data, i.e. when objects show parameters that tend to be clustered to the limits of the parameter space. Fig. 9 confirms some of our results on the constraints of the parameters for [Nenkova08] model using synthetic spectra (Paper I): Parameters Y , q, and τ ν are much better constrained than i, N H , and σ. However, these plots show further information. Firstly, some parameters are less constrained toward the lower and/or upper limits of the parameter range (e.g. i). Furthermore, objects tend to cluster toward the lower and upper boundaries for some parameters. For instance, above 30% of objects reaches the upper limit for N 0 . Finally, our sample prefers a narrow range of values compared to the parameter range (e.g. τ ν < 100 and Y < 40). Different results might come from a sub-set of objects well fitted with a particular model. In order to investigate that, we repeated the analysis using only results with χ 2 /dof < 2 and AGN-dominated spectra. We recover similar results wen using only good fits except for the clustering of some parameters at the lower and upper boundaries. For instance the density distribution slope γ in [Fritz06] reaches the high limit only when using all the results. Moreover, further restriction of the parameters are found. For instance, Y in [Stalev16] is restricted to values Y < 15 when using good fits. No differences are found when using the sub-set of AGN-dominated spectra. Table 3 shows a summary of the results found using these parameter versus parameter plots for all the models. Note that all the parameters show a correlation coefficient r > 0.8, indicating that they are constrained. In general, the parameters are restricted to the 10-20% of its parameter space (consistent with our synthetic spectral analysis, see Paper I). We detect clear broadening of this percentage to the low and/or high limit for most of the parameters and many of them tend to be clustered at the low and high limit. This might further suggest that a strong revision of the SED libraries could result on a better match of the mid-infrared spectra. Table 3 summarizes some information that modelers may use to produce SED libraries adequate for the diversity of AGN dust.
An extension of these plots, in which we confront different parameters for a particular model, is useful to investigate if any parameter of the model is linked to another, therefore studying internal degeneracies among parameters. In practice, we repeat the analysis for each parameter with all the other parameters of the model looking for linear relations among them. This resulted in 10, 15, and 21 plots (N(N − 1)/2, with N the number of parameters) for models with five (i. i 9 low limit pegged at i = 20 σ 8 low limit pegged at σ = 20 γ 11 pegged at γ = 0 pegged at γ = 6* β 15 high limit pegged at β = −1 pegged at β = 0 Y 4 pegged at Y = 10 τν 10 pegged at τν = 10 [N08] i 17 low and high limit pegged at i = 90 N0 15 high limit pegged at N0 = 15 σ 19 low and high limit pegged at σ = 70 Y 13 only Y < 50 pegged at Y = 10 q 15 high limit pegged at q = 2.5 τν 10 only τν < 100 pegged at τν = 10 [H10] i 15 low limit pegged at i = 0 pegged at i = 90* N0 13 high limit pegged at N0 = 10 θ 17 high limit pegged at θ = 60 only θ > 40** a 6 pegged at a = 0 τν 12 low and high limit pegged at τν = 80 [S15]
i 10 pegged at i = 90 Rin 5 pegged at Rin = 3 η 6 pegged at η = 0* τ cl 9 high limit pegged at τ cl = 100
i 16 pegged at i = 0 pegged at i = 90 N0 20 high limit pegged at N0 = 10 a 11 low limit pegged at a = −3 σ θ 21 high limit pegged at σ θ = 7.5 pegged at σ θ = 15 θ 20 high limit pegged at θ = 45 aw 15 high limit pegged at aw = −0.5 h 18 low and high limit pegged at h = 0.1 f wd 18 pegged at fw = 0.75 Col. 4) : comments on the dependency of the error on the parameter range; and (Col .5): comments on the adequacy of the parameter range to the sample. We refer to the parameter results that are clustered toward the low and/or high limit as "pegged" following XSPEC syntax. In Col. 5 we mark with single asterisks the parameters that do not longer cluster to limits of parameter space when using only good fit results and with double asterisks those restrictions on the parameter that appear only when using only good fits (i.e. χ 2 /dof < 2).
[Stalev16]), and eight (i.e.
[Hoenig17]) parameters, respectively. We did not find any linear relation among parameters of the same model, at least for the present sample. Note, however, that this relationship might be coupling several parameters at the same time or could not be linear. The study of such a complex coupling of parameters is out of the scope of this research.
We attempted a final extension of these plots, looking for linear relations between a particular parameter and all the parameters of the other models, could be used to find equivalencies between parameters of different models. This resulted in 537 parameter versus parameter plots. However, we did not find any linear relation between parameters. This implies that even external parameters as the viewing angle toward the observer, depend on the model assumption. Therefore, we confirmed the result from synthetic spectra (Paper I); the parameter results strongly depend on the chosen model.
We also investigated if different optical types or luminosity ranges lie in different parameter ranges by plotting the histograms of these sub-sets of objects. However, we did not find any significant relation among the parameters.
4.3. Derived quantities: outer radius, covering factor, and total dust mass
Although the values obtained for the individual parameters might not be well constrained (and, as shown above, the results depend on the model), some derived quantities could still be robust (e.g. the covering factor as suggested by Ramos Almeida et al. 2011). We explore here three derived quantities with strong physical significance: (1) outer radius of the torus; (2) total AGN dust mass; and (3) covering factor. We produced the PDF for each quantity, model, and object deriving it from the PDFs of the individual parameters involved.
We provide below the results for these derived quantities. As a general note, the following analysis was performed using the entire sample but we found the same using only good spectral-fit results (i.e. χ 2 /dof < 2) or using AGN-dominated objects only. Furthermore, no significat differences were found on the distribution of the derived quantities by splitting the sample into AGN types 4 . Finally, we have found awkward distributions for [Sieben15] . In particular, it shows a narrow range of covering factors and unrealistic dust masses (log(M dust ) > 6) for a large fraction of sources.
Outer radius of the torus Rout
The Y parameter is fixed to a large value for all the SEDs in [Hoenig10], [Sieben15], and [Hoenig17]. Therefore, deriving R out makes no sense for these three models. We derived R out using the Y parameter PDF for (r=0.5). The three models rely on the assumption that their inner radius is linked to the dust sublimation radius, and therefore linked to the AGN bolometric luminosity 5 . Therefore, the linear relation might be the result of the bolometric luminosity being used in all the models to compute R out . More interestingly, [Nenkova08] shows a large range of values R out < 12 pc, while [Fritz06] (except for a small fraction of the sample with 8 pc < R out < 10 pc) and [Stalev16] show a small range of values R out < 3 pc. In general, R out is consistent among the three models for small values (i.e. when R out < 1 pc).
Covering factor Fcov
We computed F cov as the unity minus the escape probability, i.e. e −τν (los) cos(θ)dθ where θ is the azimuthal angle and τ ν (los) is the line of sight opacity. The latter is computed from the equatorial opacity and the density distribution for smooth models, and from the distribution of clouds for clumpy models. The integration was made with the quad function within scipy (python 2.7). Fig. 11 shows the full sample F cov distributions (through the parameter versus parameter plot) for each model, respectively. F cov is poorly constrained for all the models (a non-negligible probability above 1% of F cov is shown at any value) except for [Hoenig10] and [Hoenig17] (see Fig. 11 ). Indeed, only [Hoenig10] and [Hoenig17] show a marginal correlation (r ∼ 0.6), suggesting that the parameter is constrained. Furthermore, most models show a maximum of F cov distribution at large values with a tail reaching F cov ∼ 0.1. The exceptions are [Sieben15] (0.1 < F cov < 0.2) and [Hoenig17] (0.1 < F cov < 0.6).
Total dust mass M dust
We computed M dust integrating the density distribution function for each model within the dusty structure Figure 11 . Total PDF distribution of the covering factor for the full sample. The blue-filled histograms show the covering factor distribution per model (maximum of the distribution scaled to the half of the y axis of the plot). The dotted line shows the one-to-one relationship expected for the best accuracy determination between parameters.
volume. We compute the parameter versus parameter plot for M dust to evaluate if the mass is restricted (Fig. 12) and if there is a linear relation among M dust derived from different models (Fig. 13) The model that better reproduces the Spitzer spectra among the six models analysed is [Hoenig17] . This model is built on the idea that the dust around the AGN is distributed in an inflowing disk and an outflowing wind. This model is claimed to better reproduce the 3-5 µm bump observed in many Sy1, which clumpy models do not (García-González et al. 2017) . Indeed, the disk-wind model [Hoenig17] is particularly good at describing Sy1 in our sample, while Sy2 (and, despite their low number, beamed AGN) are equally fitted to the clumpy torus model [Nenkova08] (see Fig. 7 The disk-wind model is consistent with an old interpretation of the dusty region in which the torus might be the dusty portion of an outflowing wind coming off the accretion disk (Efstathiou, & Rowan-Robinson 1995; Elitzur, & Shlosman 2006; Suganuma et al. 2006; Nenkova et al. 2008B; Netzer 2015 ; Ramos Almeida & Figure 12 . Parameter versus parameter plot using the sample PDF distributions for the total dust mass. The blue-filled histograms show the total dust mass distribution per model (maximum of the distribution arbitrarily scaled to log(M dust ) = 4.5 for clarity of the plot). The dotted line shows the one-to-one relationship expected for the best accuracy determination between parameters.
Ricci 2017; Lyu, & Rieke 2018), which naturally extends the clumpy behavior of the BLR to further distances (Risaliti et al. 2002) . Indeed, a significant part of the mid-infrared emission appears to come from the ionization cones (Braatz et al. 1993; Cameron et al. 1993; Hönig et al. 2013; Asmus et al. 2016) .
We also found that the best fitting model could be different for high and low luminosity AGN, with a larger percentage of best fits for [Hoenig17] for high luminous objects, while a larger number of low luminous AGN are better fitted to the clumpy torus model [Nenkova08] (see Fig. 6 ), also consistent with our findings when comparing best models describing Sy1 and Sy2. This result is expected if outflows dominate the high-luminosity end of AGN, while inefficient accretion flows are not able to produce these outflows at the low-luminosity end (also predicted by Elitzur, & Shlosman 2006) . This is also consistent with outflows producing the short-term time variations associated to changes on the obscuration measured at X-rays in Sy1 (González-Martín 2018) and with the dependence on the covering factor on the Eddington rate shown by Ricci et al. (2017) . Unfortunately, we were not able to explore the dependence on our results on the Eddington rate because we found Eddington rates (or BH masses) only for ∼50% of the sample (and they are biased toward the high accreting sources). Interestingly, our small sample of beamed AGN are reproduced equally well by [Nenkova08] and [Hoenig17] as it is the case for Sy2, indicating that some face-on AGN lack of the dusty wind signatures.
Are the models good enough?
Although able to statistically describe a good fraction of the spectra (up to 50% for [Hoenig17]) all the spectral fits show relatively large residuals (see Fig. 5 ), indicating that the scenario is more complex than shown by current models. Interestingly, the two models better describing a large portion of the sample (the clumpy torus model [Nenkova08] and clumpy disk-wind model [Hoenig17] ) are the ones with the largest produced SED libraries, (1,250,000 and 132,000 SEDs, respectively). Another extreme case is [Sieben15] which manages to provide good fits for less than 5% of the spectra. This might be due Figure 13 . Correlations found among models PDF distribution for the sample total dust mass. The blue-filled histograms show the total dust mass distribution per model (maximum of the distribution arbitrarily scaled to log(M dust ) = 4.5 for clarity of the plot). The dotted line shows the one-to-one relationship expected for the best accuracy determination between parameters.
to the small number of SEDs provided (3,600) and a fixed density distribution used for this model (which is also visible in the unrealistic large dust masses and narrow covering factor obtained using this model). Indeed, synthetic spectra showed that the model [Hoenig17] cannot be distinguished (using current or future facilities) from the clumpy model [Hoenig10] based solely on SED fitting (see Paper I). However, data do seem to prefer the latest wind version of the model [Hoenig17]. This might be due to a better coverage of the parameter space, including over 132,000 SEDs compared to 1,700 for [Hoenig10]. This embosses another important aspect when comparing models: modelers might want to provide well-sampled SED libraries to better compare them with data. It is also worth to mention that [Hoenig17] is better describing at the same time the near-and midinfrared slopes (see Fig. 2 ), which might explain partially why this model is preferred against its partner model [Hoenig10].
The number of SEDs is not the only variable to be revisited when providing new SED libraries. Another important aspect is the parameter space, which in most cases is not appropriate for reproducing the SED diversity (see Figs. 2-4) . We show that many parameters tend to cluster towards their upper or lower limits provided by the SED library (see Table 3 ). For instance, the parameter governing the dust radial distribution (either in clumps or smooth) could be expanded to find a better match to the data. Moreover, other parameters seem to be over sampled; e.g. the Y parameter in the clumpy torus model [Nenkova08B] does not seem to require values larger than Y = 50. This can be easily spotted in Figs. 2-4 , where many SEDs do not describe any AGN spectrum. Perhaps our conclusions are partially biased to the models with better sampled SED libraries.
Goodness of parameter determination
To decide which is the best model solution, attention should be paid to the actual parameters found and to the meaningful picture they should provide in terms of plausible physical description (see below). Furthermore, we have found misconceptions about the models. For example, the clumpy torus model [Nenkova08] is claimed to reproduce the spectra with smaller torus radii, consis-tent with the interferometric data that have constrained the radial extent of the dusty structure to 10 pc (e.g. for Circinus galaxy, and Centaurus A, Tristram et al. 2007; Meisenheimer et al. 2007, respectively Nenkova08] for the very same data analyzed here. This is in fact the expected behavior because smooth distributions are able to stock larger amount of dust than clumpy distributions of dust in the same volume. The historical reason behind the large tori found for smooth torus is that pioneer works try to fit at the same time mid-and far-infrared AGN SEDs (e.g. Pier, & Krolik 1992), being the latter dominated by dust heated by star-formation rather than the AGN. This resulted in unrealistic large tori.
Many attempts have been made to estimate the torus parameters using SED fitting, with photometric data (e.g. Ramos Almeida et al. 2009 or adding them to ground-based spectra (e.g. . We demonstrate in Paper I that full-coverage 5-30 µm spectra are able to constrain all the parameters for most of the models studied here, with the exception of the wind model [Hoenig17] . Consistent with that, we found that the spectral coverage of the low resolution Spitzer /IRS spectra can restrict ∼ 80% of the parameters within ∼ 10 − 20% of the space parameter.
Ramos Almeida et al. (2014) used Bayesian techniques to constrain the parameters of the clumpy dusty model [Nenkova08] . They concluded that the torus width, viewing angle, and distribution of the clouds could be constrained with near-and mid-infrared photometry only, but mid-infrared spectroscopy is necessary to restrict the posterior distributions of the number of clouds and their optical depth. Furthermore, they show that 8-13 µm ground-based spectra alone reliably restrict some of these parameters (see also . Using the full coverage of the low-resolution IRS/Spitzer spectra, we show that all the parameters of [Nenkova08] can be restricted, being q, Y , and τ ν the best constrained. The range R out found here when using the clumpy [Nenkova08] is fully consistent with that derived using Bayesian techniques for low-luminous AGN (González-Martín et al. 2017) , Seyferts (Ramos Almeida et al. 2009; QSOs (Martínez-Paredes et al. 2017) . Fritz et al. (2006) also studied the parameter restriction using infrared data by considering all the solutions with χ 2 /dof < χ 2 /dof(best) + 3 (being χ 2 /dof(best) the minimum χ 2 statistics). They found that R out differs up to a factor of 3 while the parameters associated to the dust density distribution are better constrained. This is consistent with our finding where R out and the covering factor strongly depend on the selection of the model while M dust is better constrained irrespective of the model. We further explore the degeneracy of the parameters within a model, finding no indication of linear relationships among them.
Note, however, that the resulting parameters are themselves dependent on the model assumed. In fact, we did not find any equivalence between parameters of different models, although expected in some cases (e.g. the viewing angle toward the dusty structure, see also Paper I). Therefore, we strongly suggest to evaluate the goodness of the model using a set of models before drawing conclusions from the resulting parameters.
However, there are two major concerns to derive the model parameters using Spitzer /IRS spectra: suitability of the models at describing the data and host galaxy dilution due to low spatial resolution data. The Spitzer /IRS data (with a spatial resolution of ∼3 arcsec at 10 µm) are prone to contamination from the host galaxy or dust heated by circumnuclear star-formation Netzer et al. 2007; Siebenmorgen et al. 2015) . Indeed, this is the result presented in this paper, where 30-50% of the sample (depending on the model used) is contaminated by more than 50% continuum emission not associated with the AGN (see Fig. 6 ). These results are consistent with previous results (Rodriguez Espinosa et al. 1987; Dultzin-Hacyan et al. 1988; Dultzin-Hacyan, & Benitez 1994; Dultzin-Hacyan, & Ruano 1996) . Decomposition methods as those used in this paper, and previously in Netzer et al. (2007) (see also Hao et al. 2007; Hernán-Caballero et al. 2015) are then needed to decontaminate the torus component from circumnuclear contributors. However, as shown in this paper, when this contribution is large (stellar component contributing at least 50% compared to the torus component at 5 µm, or dust heated by star-formation contributing at least 50% compared to the torus component at 30 µm) dilution strongly influences the parameter determination. High spatial resolution observations are needed for the best isolation of the dust associated the AGN from other contributors, as those provided with ground-based facilities (Ramos Almeida et al. 2009; Fuller et al. 2016; Martínez-Paredes et al. 2017; García-Bernete et al. 2019) , the novel combination of VLTI+GRAVITY and the future JWST. Note however that both N-and Q-bands groundbased spectra are available only for NGC 1068. Interestingly, both bands are not easily fitted with a single model (Victoria-Ceballos in prep.) One way to solve the parameter space determination is the use of interferometric observations together with SED fitting (Hönig et al. 2006; . While interferometry provides the most direct access to the dust AGN structure, observations are limited to the brightest AGN with current facilities. Indeed, ALMA is providing for the first time the kinematics of the cold dust, finding large dust structures kinematically decoupled from the host galaxy (García-Burillo et al. 2016; Gallimore et al. 2016; Alonso-Herrero et al. 2018; Combes et al. 2019) . Alternatively, we propose the use of X-ray reflected component (associated to the AGN dust structure) together with the mid-infrared spectrum to infer the torus properties (Esparza-Arredondo et al. in prep.).
SUMMARY
The main results from the fitting of Spitzer /IRS spectra of a sample of 110 AGN using six dust models:
1. When mid-infrared AGN-dominated spectra are selected, all but [Sieben15] show satisfactory residuals. However, residuals are larger than expected if we select the right model (i.e. self-fitting synthetic spectra to the same model). The main discrepancies are the same than those reported by our synthetic spectra (Paper I); i.e. slopes below ∼7 µm and above ∼25 µm and around the 10 and 18 µm silicate features.
2. The fraction of objects requiring a prominent circumnuclear component is small (20%) when using [Fritz06] ; although up to 30-50% of the spectra require large circumnuclear components contribution for the other models. 4. When the model is good enough (i.e. χ 2 /dof < 2) to reproduce the data, we manage to constrain 80% of the parameters, irrespective of the optical class or the X-ray luminosity. The parameters are restricted to 10-20% of its parameter space and this percentage increases to the low and/or high limit for most of the parameters. Many of them tend to be clustered at the low and/or high limit. This might further suggest that a strong revision of the SED libraries could result on a better match of the mid-infrared spectra of AGN.
5. We did not find equivalencies between parameters of different models. Therefore, the parameter results strongly depend on the chosen model. We also computed derived quantities and we compared the results using different models:
• The derived dust masses are equivalent for most of the models.
• (2003) said more than 15 years ago that any "improvement of the models is only relevant when better observations are available to constrain the models, and when we have a better understanding of the contribution of star-formation to the infrared SED". New data that JWST will provide soon are ideal for those purposes. Therefore, observers and modelers need to work together to obtain a better sample of well isolated mid-infrared spectra and on new SED libraries with a careful selection of the parameter space to be confronted against data.
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